Arthropods were sampled in pitfall traps for 2 yr on bentonite mine spoils and adjacent, unmined big sagebrush (Artemisia tridentat grasslands in southeastern Montana to assess the impacts of bentonite mining on selected arthropods, evaluate the success of early reclamation efforts in restoring arthropods to mined sites, and to identify limiting factors for colonization of spoils by arthropods. The most significant impacts on selected arthropods were on old, unreclaimed bentonite mine spoils, where after nearly 30 yr, numbers of 7 arthropod groups remained lower than on unmined sagebrush grasslands. Spoils covered with topsoil had higher captures of ground beetles (Carabidae) and crickets (Gryllidae) than unreclaimed spoils. And spoils covered with topsoil and seeded supported captures of most arachnids, Coleoptera, Hemiptern, and Formicidae similar to those on unmined sagebrush grasslands. Vegetative parameters measured in this study accounted for a portion of the variability in arthropod captures; however, microarthropod populations, arthropod vagility, and soil water contents may influence repopulation of mine spoils by some arthropods.
Information on arthropod colonization of mine spoils is important in view of their role in soil formation and other functions. A viable soil invertebrate community may be a prerequisite for a soil medium capable of sustaining acceptable plant growth on coal mine spoils (Ettershank et al. 1978) . Insect activities (soil aeration, litter decomposition, nutrient cycling, pollination, seed distribution, etc.) and the effect of their dead bodies on new coal mine spoils may influence ecological succession more than the scattered plants (Smith 1928) . Arthropods provide food for many species of vertebrates, thus enhancing the attractiveness of disturbed sites for colonizing vertebrates. The return of arthropods to mined areas is influenced by a variety of factors, including plant cover, species richness (Majer et al. 1984) , and litter cover (Majer et al. 1982) . Insect vagility (Neumann 1973) , microarthropod populations, and other factors further influence arthropod repopulation of disturbed sites. The purpose of this study was to: (1) assess the impact of bentonite mining on selected arthropods, (2) evaluate the success of reclamation in restoring these arthropods to mine spoils, and (3) identify limiting factors for arthropod colonization of bentonite mine spoils. 1976). Snowfalls are frequent from November through April. The mean temperature is 7.8' C, ranging from -6.4" C in January to 22.6O C in July.
Methods
Twelve 60-by 60-m (0.36ha) study sites were selected: 10 on bentonite mine spoils established between 1952 and 1978 and 2 in adjacent, unmined vegetation. The study sites were grouped into 4 types by reclamation treatment and analyses of vegetative data: (1) old mine spoils, (2) reclaimed spoils, (3) semireclaimed spoils, and (4) sagebrush-grass rangeland. Five study sites were located on old unreclaimed mine spoils (12 to 28 yr old) constructed before reclamation laws were passed; these were steep and sparsely vegetated. Three study sites were on reclaimed mine spoils (5 to 12 yr old) which had been countoured, covered with topsoil, and seeded with a mixture of wheatgrasses (Agropyron spp.) and yellow sweetclover (Melilotus oficinalis). Two study sites were established on recently mined, semireclaimed bentonite mine spoils, both of which had been contoured and covered with topsoil in 1978. Rillscale (Atriplex suckleyi) was the most common plant on all bentonite spoils (Sieget al. 1983) . Two study sites were located on gently undulating, unmined big sagebrush-grass rangeland. Big sagebrush, followed by western wheatgrass (Agropyron smithii) and green needlegrass (Stipa viridula) were important plant species on sagebrush grasslands (Sieg et al. 1983) .
Arthropod populations were sampled with metalcan pitfall traps, 15 cm deep and 15 cm in diameter. Twelve traps were buried flush with the soil surface on each site in a grid pattern with 15-m spacing. The pitfall traps were opened every 3 weeks from April through October for 3 consecutive nights by placing a 2-to 4-cm block under the edge of a wooden lid. The arthropods were collected, classified, and counted daily. Pitfall traps may influence the types of arthropods captured (Greenslade 1964 , Nelson 1970 , Baars 1979 . However, pitfall traps have provided satisfactory density estimates for tenebrionids (Thomas and Sleeper 1977) , carabids (Baars 1979) , and diplopods, spiders, and orthopterans (Gist and Crossley 1973) .
Plant canopy cover was estimated on the 12 sites during late spring, midsummer, and late summer of 1979 and 1980. Plant canopy cover was estimated by species in 150,20-by SO-cm quadrats placed at l-m intervals along 3 permanent, 5&m line transects on each site using methods modified from Daubenmire (1959) . Canopy cover was visually estimated to fall into 1 of 7 cover classes: 0 = less than l%cover; 1 q l-570; 2 = 5-25%; 3 = 25-50%; 4 q 50-75%; 5 = 75-95%; and 6 = 95-100% cover. Plant nomenclature follows Nickerson et al. (1976) .
Plant standing crop was estimated by harvesting aboveground portions of all plants except big sagebrush annually at estimated peak production (late July) on all sites. Plants were clipped at ground level in 10,20-by 5O-cm quadrats on each of 3 permanent transects on each site. Plant species were separated in the field, oven dried in the laboratory at 600 C for 48 hr, and weighed.
One-and 2-way (incorporating both years) analyses of variance and Tukey's multiple comparison procedure (Kleinbaum and Kupper 1978) were used to compare arthropod numbers, plant canopy cover, and plant standing crop among site types. Bartlett's Box F test was used to test for homogeneity of variances. Data with heterogeneous variances were log transformed. Student t-tests, Spearman's rank order correlation coefficients, and Kulcynski's similarity indices (Steel and Torrie 1980) were used to compare arthropod composition and means among site types and years. Relationships between arthropod densities (dependent variable) and total canopy cover, cover of litter, bare ground, shrubs, and standing crop (independent variables) were evaluated by simple regression analyses (Hull and Nie 1981) . Tests of significance were at (Y = 0.05 unless otherwise stated.
Results
towards highest numbers on reclaimed spoils. Darkling beetle (Tenebrionidae) captures were similar among site types. Cricket (Gryllidae) captures were lowest on old bentonite spoils and were lower on reclaimed spoils than on sagebrush grasslands. Overall, arthropod composition on reclaimed spoils was most similar to the composition on unmined sagebrush grasslands (Table 2 ).
Arthr0pOdS
Total arthropod captures substantially declined from 1,187 in 1979 to 530 in 1980. However, the rank order of major arthropod groups for the 2 years was significantly correlated (r. = 0.89), indicating the relative contribution of various arthropod groups to the total arthropod population was similar in both years. Common arthropods included coleopterans, orthopterans, hymenopterans, and spiders. Ground beetles (Carabidae) and darkling beetles (Tenebrionidae) were the most common coleopterans, but a few specimens of 7 other families were also captured (Table 1) . Crickets (Gryllidae) comprised the majority of the orthopterans; ants (Formicidae) were the most common hymenopterans. The Araneida group was dominated by wolf spiders (Lycosidae), followed by crab spiders (Tbomisidae). Spider mites (Acarina; Tetranychidae), daddylonglegs (Opiliones; Phalangida), millipedes (Chordeumida; Lysiopetalidae), and various true bugs (Hemiptera) each made up less than 5% of the capture. Scorpions (Scorpionida) and Lepidoptera larvae made up less than 1% of the capture. Total arthropod captures were lowest on old bentonite spoils, but similar among other sites (Table 1) . Numbers of some families varied among site types. Daddylonglegs (Phalangida) and millipedes (Diplopoda) were captured in higher numbers on sagebrush grasslands than on mine spoils (Table I) . Captures of spider mites (Tetranychidae), wolf spiders (Lycosidae), jumping spiders (Thomisidae), and true bugs (Hemiptera) were generally higher on reclaimed bentonite mine spoils and unmined sagebrush grasslands than on other sites. Ground beetles (Carabidae) were the only family captured in higher numbers on semireclaimed spoils than on other sites. Ant captures showed a tendency (not statistical) 
Vegetdon
Total plant canopy cover, cover of litter and shrubs, and total standing crop were all higher on sagebrush grasslands than on the bentonite spoils (Table 3) . Plant canopy cover, litter cover, and standing crop were higher on reclaimed bentonite spoils than on old or semireclaimed mine spoils. The rank order of the canopy cover of plant species on the 4 site types was significantly correlated for the 2 yr, indicating that plant species composition on each site type did not change over years. 
Arthropod-Vegetation Relationships
Plant standing crop was the parameter most associated (KO.01) with total arthropod numbers on the study sites; other variables related to total arthropods were total plant canopy cover and bare ground (Table 4) . Phalangid, diplopod, and gryllid numbers were positively associated with shrub cover. These 3 families were also associated with at least 3 of the following variables: total plant canopy cover, litter cover, bare ground, and plant standing crop. Tetranychid abundance was associated with litter cover and plant standing crop. Abundance of predatory spiders, the lycosids and thomisids, was associated with total plant cover, bare ground, plant standing crop, and with captures of Acarina (a potential prey species). Lycosid numbers were also positively associated with litter cover. Numbers of formicids was positively associated with only plant standing crop. Abundance of carabids and tenebrionids was not significantly associated with any of the measured habitat variables.
Discussion
Bentonite mining in southeastern Montana resulted in habitat conversions that apparently impacted arthropods captured in pit traps. The most significant impacts were on old bentonite spoils, where after nearly 30yr, numbers of 7 arthropod groups remained lower than on unmined sagebrush grasslands. In spite of similar vegetative characteristics on old and semireclaimed spoils, total arthropod captures and numbers of carabids and gryllids were higher on semireclaimed spoils than on old spoils, indicating that the presence of topsoil may encourage colonization by some arthropods. Early reclamation efforts restored captures of arachnids (except phalangids), Coleoptera, Hemiptera, and Formicidae to levels similar to those on unmined sagebrush grasslands. Reclaimed spoils failed to support comparable captures of arthropods that were positively associated with shrub cover: phalangids, diplopods, and gryliids.
Plant standing crop was the parameter most associated with total arthropods captured in pit traps. Insect densities on a shortgrass range in Texas werecorrelated with herbage production, with 130 peak numbers occurring in years with greater plant production (Huddleston et al. 1975) . Litter cover and shrub cover were other parameters related to arthropod captures in our study. Majer et al. (1982) stressed the importance of an adequate litter layer and diverse vegetation for ants and other invertebrates to return to mine spoils, and Ditsworth et al. (1982) related shrub cover to captures of some arthropods. Dense vegetation and litter cover provide moist microhabitats preferred by arthropods such as spider mites (Borror and DeLong 1971) , prey for predatory spiders, and protection for cryptozoic arthropods such as daddylonglegs and crickets.
Habitat variables measured in this study explained only a portion of the variability in arthropod captures; captures of carabids and tenebrionids were not associated with any of the measured variables. Microarthoprod populations, arthropod vagility, and soil water contents may influence repopulation of mine spoils by some arthropods. The distribution of predatory spiders such as lycosids may be influenced by the presence of prey species. Ground beetles are highly mobile arthropods which have been reported to quickly colonize new mine spoils (Neumann 1973) . Daddylonglegs and ants are less vagile, and are therefore often slow to colonize disturbed sites (Uetz et al. 1979 ). Populations of 6 species of tenebrionids did not respond to radical changes in plant productivity, but were linked to soil moisture conditions (Thomas 1979) . Further research is required to precisely identify variables that most highly influence arthropod repopulation of bentonite mine spoils.
